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(57) ABSTRACT 

A system With a sensor assembly is used to determine 

direction of movement of an object so that accuracy of 

position calculation is improved. The sensor assembly mea 
sures at least tWo operational characteristics and generates 

corresponding operational characteristic signals. A control 
unit monitors and compares transitions of the signals to 
more accurately determine direction of movement for the 

object. 
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SENSOR ASSEMBLY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The application claims priority to US. Provisional 
Application No. 60/328,439, Which Was ?led on Oct. 9, 
2001. 

BACKGROUND OF THE INVENTION 

[0002] This invention relates to a system that monitors tWo 
sensor signals to determine direction of movement of an 
object so that position of the object can be more accurately 
determined. 

[0003] Many different types of control systems monitor 
various characteristics of an object in order to make control 
decisions. For eXample, sensors can monitor and generate 
data that can be used to determine speed, position, and/or 
direction of movement of the object. Direction is determined 
by comparing tWo sensor signals to each other and position 
is incremented or decremented according to the direction. A 
system micro controller calculates position. It is important 
that a determination of direction of movement be accurate so 
that position can be accurately determined. Misjudgments of 
the direction can result in error in position calculation. 

[0004] Misjudgments can occur either by a signal phase 
shift or by noise. The phase shift is caused by imbalance 
betWeen the tWo sensors and/or imbalance betWeen the 
interface circuits for the sensors. Noise can also cause 

misjudgments. For eXample, if the ?rst sensor turns high 
from loW due to noise When a rising edge of the second 
sensor is received, the direction of movement can be mis 
judged. 
[0005] Thus, it is desirable to have a system that can more 
accurately determine direction of movement of an object to 
increase accuracy of position determination. 

SUMMARY OF THE INVENTION 

[0006] In general terms, this invention monitors signal 
transitions to verify Whether or not direction of movement of 
a moving object has been accurately determined to improve 
the accuracy of position calculation. 

[0007] An eXample method and system designed accord 
ing to this invention includes a sensor assembly that mea 
sures at least tWo operational characteristics. The sensor 
assembly generates ?rst and second operational character 
istic signals. A control unit compares transitions of the 
signals and the direction of movement is determined based 
on these transitions. The signals are continuously monitored 
over time to determine changes in direction of movement. 
First direction is checked. If a neW direction is indicated, 
Which is different than the previous direction, current speed 
is compared to a threshold speed. If the current speed 
eXceeds the threshold speed then the neW direction is 
discarded as inaccurate data. 

[0008] Optionally, ?rst check speed and any changes in 
speed. If the speed is more than a threshold speed or 
increasing then there is no need to check direction as the 
same direction is assumed. 

[0009] The subject system and method reduces data mis 
interpretations caused by noise or intermittent phase shifts 
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betWeen a pair of operational characteristic signals to pro 
duce a more accurate direction determination, Which in turn 
provides increased accuracy in position calculation. These 
and other features of the present invention can be best 
understood from the folloWing speci?cations and draWings, 
the folloWing of Which is a brief description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 schematically illustrates a vehicle having 
moveable panels that are controlled by a system designed 
according to this invention. 

[0011] FIG. 2 schematically illustrates a sensor and con 
trol system incorporating the subject invention. 

[0012] FIG. 3 is a Signal Level vs. Time graph for a pair 
of sensors operating correctly. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

[0013] While the subject invention can be used in any of 
various types of control systems to improve accuracy of 
position calculation of a moving object, the folloWing 
description uses vehicle door closure systems as an eXample. 
FIG. 1 schematically illustrates a vehicle 20 having a 
moveable door panel 22 and a moveable lift gate 24. The 
vehicle 20 is provided With a system designed according to 
this invention for automatically moving the door 22 or lift 
gate 24 With a poWer closure arrangement that operates as 
generally knoWn in the art. 

[0014] The illustrated eXample vehicle includes a sWitch 
26 supported Within a vehicle for selectively activating the 
poWer closure system to close the door 22 or lift gate 24. The 
illustrated eXample also includes a remote signaling device 
28 such as a key fob having at least one sWitch 30 that an 
individual can use to selectively activate the poWer closure 
system. 

[0015] Any system such as poWer WindoW, Wheel sensor 
for ABS, and steering Wheel sensor, Which uses a pair of 
“relative” sensors to determine speed, position, and direc 
tion, can incorporate features of the subject invention. 

[0016] FIG. 2 shoWs a schematic illustration of a “rela 
tive” sensor and control assembly 32 that is used to deter 
mine vehicle door speed, position, and direction for the door 
22 or lift gate 24 as the door 22 or lift gate 24 moves betWeen 
open and closed positions. EXamples of the “relative” sensor 
are encoder and Hall Effect sensors. These sensors include 

a pair of sensors 34, 38, Which read either an optical (in case 
of encoder) or a magnetic (in case of Hall Effect sensor) 
signal from the same ring. The output of the sensors 34, 38 
is square Wave as shoWn in FIG. 3, Whose frequency 
changes proportionally to the rotational speed of the ring. 
The tWo sensors 34, 38 essentially output the same signal 36, 
40 because both read the same ring, but output at a slightly 
different timing because they are placed separately. Thus one 
signal 36 leads the other signal 40 in one direction and 
folloWs in the other direction as shoWn in FIG. 3. This is 
hoW the direction is determined as Will be explained in 
greater detail beloW. 

[0017] It should be understood that the sensors 34, 38 
could be any type of contact or non-contact sensors knoWn 
in the art. Further, While the sensors 34, 38 are shoWn as 
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separate sensors, it should be understood that a single sensor 
assembly could also be used to generate both the ?rst signal 
36 and the second signal 40. Finally, While a door closure 
system is shoWn in FIG. 1, it should be understood that the 
sensors 34, 38 could be associated With any type of object 
46 including, but not limited to, a vehicle Wheel, steering 
Wheel, and poWer WindoW. 

[0018] Direction is determined by comparing the tWo 
sensor signals to each other and position is incremented or 
decremented according to the direction. A system micro 
controller calculates position. It is important that a determi 
nation of direction of movement be accurate so that position 
can be accurately determined. Misjudgments of the direction 
can result in error in position calculation. Misjudgments can 
occur either by a signal phase shift or by noise. 

[0019] For example, the order of sensor S1 and S2 might 
be opposite, causing misjudgment of direction. The phase 
shift is caused by imbalance betWeen the tWo sensors S1 and 
S2 and the interface circuits the sensors S1 and S2 thus gets 
Worse as its frequency gets higher. 

[0020] Misjudgment can also be a result of noise. For 
example, if one sensor S1 turns high from loW due to noise 
When rising edge of the other sensor S2 is received, the 
direction is misjudged as open. 

[0021] The signals 36, 40 are transmitted to a control unit 
42 With memory 44 that calculates the speed, the direction, 
and the position of the door 22 or lift gate 24 by comparing 
the data from the signals 36, 40. It should be understood that 
any type of control unit 42 knoWn in the art could be used 
including a central processing unit, a microprocessor, or 
other similar device. 

[0022] The control unit 42 continuously monitors and 
compares the signals 36, 40 and their respective transitions 
as the door 22 or lift gate 24 moves betWeen open and closed 
positions. For every transition of one sensor 34, either rising 
or falling, the other sensor 38 Will transition before the ?rst 
sensor 34 transitions again. In other Words, if one signal 36 
transitions, as indicated at t1 in FIG. 3, the other signal 40 
Will also correspondingly transition, as indicated at t2, and 
Will do so prior to the ?rst signal 36 being able to make a 
subsequent transition, as shoWn at t3. If the sensor assembly 
is operating correctly, the signals 36, 40 Will track each other 
as shoWn in FIG. 3. 

[0023] As FIG. 3 shoWs, direction is judged in the fol 
loWing Way. For a situation Where a rising edge of sensor S2 
is received by the control unit 42 there are generally tWo 
possibilities. If sensor S1 is loW, then sensor S2 is leading 
thus the door is closing, or if sensor S1 is high, then sensor 
S2 is folloWing thus the door is opening. It should be 
understood that the opposite orientation could also be used, 
i.e. if sensor S1 is loW then sensor S2 is leading thus the door 
is opening, While if sensor S1 is high, then sensor S2 is 
folloWing thus the door is closing. 

[0024] For a situation Where a falling edge of sensor S2 is 
received by the control unit 42 there are also generally tWo 
possibilities. If sensor S1 is loW, then sensor S2 is folloWing 
thus the door is opening, or if sensor S1 is high, then sensor 
S2 is leading thus the door is closing. It should be under 
stood that the opposite orientation could also be used, i.e. if 
sensor S1 is loW then sensor S2 is folloWing thus the door 
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is closing, While if sensor S1 is high, then sensor S2 is 
leading thus the door is opening. 

[0025] Position is incremented or decremented depending 
on the direction every time an edge (rising or falling) is 
detected. For example, if the direction is judged as opening, 
position is incremented. If the direction is judged as closing, 
then position is decremented. If the direction is misjudged as 
opening, for example, When the door is actually closing, 
position gets incremented instead of decremented, resulting 
in error in position calculation. 

[0026] Having the correct data is critical to determining an 
accurate door direction. If there is an intermittent phase shift 
betWeen the signals 36 and 40, the data may be misinter 
preted and inaccuracies in door direction can lead to a Wrong 
direction fault Warning or error signal Within the system. The 
subject invention addresses this problem by monitoring the 
transitions along With door speed to determine direction of 
movement to more accurately be able to determine position. 

[0027] By monitoring and comparing signal transitions of 
the signals 36 and 40, an initial direction of vehicle door 
movement is determined. This initial direction of vehicle 
door movement is stored in memory 44 as a direction 
history. The siZe of the direction history can be byte, Word, 
or any siZe that is suf?cient for making a sound judgment. 
The system continues to monitor and compare signal tran 
sitions of the signals 36 and 40 to determine changes in 
direction of vehicle door movement. Current door speed is 
compared to a threshold speed in response to receiving an 
indication of a neW direction of vehicle door movement that 
is different than the direction previously stored as the 
direction history. If the threshold speed is exceeded then the 
neW direction is discarded as inaccurate data. Position is 
incremented or decremented based on the direction deter 
mination discussed above. 

[0028] For example, When a neW direction is received, the 
direction history byte is shifted to the left and the neW 
direction is stored as a least signi?cant bit (LSB) or shifted 
to the right and the neW direction is stored as a most 
signi?cant bit (MSB). If the neW direction does not match 
the initial or previous direction, and the door speed is greater 
than the threshold speed, the neW direction is discarded. The 
neW direction is determined to be inaccurate data because 
the system cannot change the direction abruptly if it is 
moving greater than the threshold speed. Thus, if the neW 
direction is different than the previous direction and the door 
speed is less than or equal to the threshold speed, then the 
neW direction is determined to be valid. It should be under 
stood that the threshold speed can be any predetermined 
speed and could vary based on vehicle type and application. 

[0029] The subject invention addresses these problems by 
using the fact that speed gradually reduces to Zero and then 
gradually increases When the direction changes in combi 
nation With the folloWing rules. When speed is more than the 
predetermined threshold or is increasing, direction cannot 
change and can be assumed to be unchanged. Prior to 
making a ?nal decision, the control unit 42 revieWs the 
history of direction and if the history is consistent, i.e. all of 
the history shoWs the same direction, then the control unit 42 
decides on the same direction Without actually checking the 
direction. If the history is not consistent, then the history 
cannot be relied on and the direction should be checked. On 
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the other hand, When speed is less than the predetermined 
threshold and decreasing, direction may change, thus the 
direction is checked. 

[0030] Although a preferred embodiment of this invention 
has been disclosed, a Worker of ordinary skill in this art 
Would recogniZe that certain modi?cations Would come 
Within the scope of this invention. For that reason, the 
folloWing claims should be studied to determine the true 
scope and content of this invention. 

1. Amethod for determining a direction in Which an object 
is moving comprising the steps of: 

(a) generating a ?rst signal representing a ?rst operational 
characteristic; 

(b) generating a second signal representing a second 
operational characteristic; 

(c) comparing the ?rst and second signals to determine an 
initial direction; and 

(d) monitoring transitions of the ?rst and second signals 
over time to verify that the initial direction is accurate. 

2. A method as set forth in claim 1 including the step of 
comparing an object speed to a predetermined threshold 
speed during step (d) to determine Whether the initial 
direction is accurate. 

3. Amethod as set forth in claim 1 Wherein step (c) further 
includes comparing transitions of the ?rst and second signals 
over time to determine the initial direction and storing the 
initial direction in memory as a direction history. 

4. A method as set forth in claim 3 further including the 
steps of subsequently checking direction to generate a neW 
direction, comparing the neW direction to the initial direc 
tion, and checking speed if the neW direction is different than 
the initial direction. 

5. A method as set forth in claim 4 further including the 
step of discarding the neW direction if the speed is more than 
a predetermined threshold speed or speed is increasing. 

6. A method as set forth in claim 1 including the steps of 
measuring speed and changes in speed, comparing speed to 
a predetermined threshold speed, and only checking direc 
tion if the speed is less than the predetermined threshold 
speed. 

7. A method as set forth in claim 6 including the step of 
assuming no direction change if the speed is more than the 
predetermined threshold speed or is increasing. 

8. A method as set forth in claim 1 including the steps 
measuring speed and changes in speed, comparing speed to 
a predetermined threshold speed, and only checking direc 
tion if the speed is decreasing. 

9. A method as set forth in claim 1 including the steps of 
measuring speed and changes in speed, comparing speed to 
a predetermined threshold speed, and only checking direc 
tion if the speed is decreasing and is less than the predeter 
mined threshold speed. 
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10. A method as set forth in claim 1 Wherein the moving 
object comprises a door panel. 

11. A method as set forth in claim 1 Wherein the moving 
object comprises a poWer WindoW. 

12. A method as set forth in claim 1 Wherein the moving 
object comprises a vehicle Wheel. 

13. A method as set forth in claim 1 Wherein the moving 
object comprises a steering Wheel. 

14. A system for verifying direction of movement of an 
object in response to an intermittent sensor phase shift 
comprising: 

a sensor assembly for measuring at least ?rst and second 
object operational characteristics as said object moves 
to generate ?rst and second object operational charac 
teristic signals; and 

a control unit for comparing signal transitions of said ?rst 
and second object operational characteristic signals to 
determine an initial direction of object movement and 
continuing to compare signal transitions of said ?rst 
and second object operational characteristic signals 
over time to verify accuracy of initial direction deter 
mination. 

15. Asystem as set forth in claim 14 Wherein said control 
unit subsequently checks direction to generate a neW direc 
tion, compares the neW direction to said initial direction, 
checks speed if the neW direction is different than said initial 
direction, and discards the neW direction if the speed is more 
than a predetermined threshold speed. 

16. Asystem as set forth in claim 14 Wherein said control 
unit only checks direction if speed is less than a predeter 
mined threshold speed. 

17. Asystem as set forth in claim 14 Wherein said control 
unit only checks direction if speed is decreasing. 

18. Asystem as set forth in claim 14 Wherein said control 
unit only checks direction if speed is decreasing and less 
than a predetermined threshold speed. 

19. Asystem as set forth in claim 14 Wherein said control 
unit assumes no direction change if speed is more than a 
predetermined threshold speed or is increasing. 

20. A system as set forth in claim 14 Wherein said object 
comprises a vehicle door controlled by a poWer closure 
system. 

21. A system as set forth in claim 14 Wherein said object 
comprises a steering Wheel. 

22. A system as set forth in claim 14 Wherein said object 
comprises a poWer WindoW. 

23. A system as set forth in claim 14 Wherein said object 
comprises a vehicle Wheel and said sensor assembly com 
prises an ABS Wheel sensor. 


